blood pressure as a significant risk factor was due to the fact that a single clinical measurement was used rather than ABPM. While that may well be true, the point was that when analysed in a pool of risk factors and biomarkers, blood pressure may have limited impact. This point is illustrated by trials of ABPM in CKD, where the significance of ABPM on outcomes is lost when other parameters are entered into multivariate analyses [3] .
Although home monitoring was not part of the original debate it provides a useful common ground-providing additional information on interdialytic blood pressures and empowering the patient in the management of their own disease. Dr Agarwal did not cover the practical issues of establishing ABPM monitoring in a dialysis setting, such as the frequency of measurements and targets, and the logistics of providing a service beyond a research-focussed clinical setting. In contrast, home monitoring offers a more practical, readily implemented system, with the possible advantage that 'out-of-hospital' BP readings may be a better prognostic target [4] .
Ultimately, I am sure that Dr Agarwal and I agree that the CV outcomes on maintenance haemodialysis are unacceptably poor, and that more detailed information on BP control would be useful, as would lung ultrasound, echocardiography, and other measures of fluid balance and cardiac function. Home monitoring does more to empower and engage the patients than ABPM, which is yet more mechanized, remote monitoring in an already machine-dominated life. However, the subject of the debate was whether ABPM should be a routine part of our current management of haemodialysis patients, providing added value to the management of individual patients. To my mind, there is insufficient evidence to support this view, in the management of complex haemodialysis patients, with limited resources, at least until an intervention based on ABPM is shown to alter outcomes for the better.
I N T RO D U C T I O N
The purpose of this paper is to present a polar view; a view that challenges the assumption that ambulatory blood pressure measurements (ABPM) are an important, or necessary, part of the cardiovascular (CV) assessment of patients with endstage kidney disease (ESKD) treated by haemodialysis. The adoption of such a view is challenging, since it is generally possible to find a situation where ABPM (or any clinical measurement) might be useful. However, although I regularly use ABPM to assess patients with hypertension, I have not-with the exception of patients in clinical trials [1] [2] [3] -ever requested ABPM in a patient receiving haemodialysis.
When requesting a clinical test-such as ABPM-it is essential to identify the added value that the test will provide, with respect to diagnoses and quantification of risk, and balance this against any potential risk to the patient. This should be set in the context of other tests and information that are available, the disease process and the impact of remediable risk factors. In the management of patients with essential hypertension (EH), standard BP monitoring involves isolated clinic measurements according to protocol: the average of successive measurements, taken in the non-dominant arm, after a period of rest. Such guidelines are seldom followed correctly in clinical practice, and ABPM offers a series of repeated measurementstaken during various states of activity, including sleep-which provide averaged data with much less variability than clinic measurements. It is recognized that measurements of BP made using ABPM allow reduced numbers of patients in interventional trials, increasing statistical power and reducing sample size. In individual patients, ABPM is useful in identifying patients with 'white coat' syndrome (WCS)-whose 'real' BP is lower than that taken at the clinic, and who have low underlying CV risk and 'masked' hypertension, where clinic readings suggest lower levels of blood pressure. In practice, WCS is the principal indication, and the identification of patients whose blood pressure does not dip at night-'non-dippers'-who are at increased CV risk [4, 5] .
In patients with EH, hypertension is the major risk factor for stroke, whilst hyperlipidaemia and cigarette smoking are the major modifiable risk factors for coronary heart disease (CHD). Left ventricular hypertrophy (LVH) and proteinuria (albeit to a lower degree in Caucasian patients) are markers of severe hypertension and associated with increased risk, where they act as surrogates and intermediate therapeutic targets. In studies of patients with EH, the use of ABPM gained traction as the values obtained are stronger determinants of the longterm risk of CV events than clinic readings, and are strongly associated with LVH; with the added value to individuals that they identify patients with WCS, saving them for inappropriate initiation or escalation of therapy. These factors have led to the adoption of ABPM in guidelines for the management of patients with EH [4, 5] . Thus, there is a strong argument for the use of ABPM in essential hypertension to assess individual risk and individualize treatment.
Patients with mild CKD share a similar pattern of CVD to the general population and patients with EH. It may seem logical that ABPM will have a similar place in the management of hypertension in this population [6] . However, we are increasingly aware that the pattern of CVD changes as CKD progresses and is very different in advanced and end stage kidney disease. The key difference, as CKD progresses, is the shift from CHD to sudden cardiac death and heart failure, as the most common events [7] [8] [9] [10] . Non-CHD events are most strongly influenced by the development of uraemic cardiomyopathy and its most common form-LVH. Various studies have looked at the role of ABPM in CKD. In a recent large study of 489 hypertensive CKD patients followed for 9 years [6] failure to reach clinic target BP was associated with poor cardiovascular and renal outcomes, as expected. The main finding was that patients who achieved clinical but not ambulatory targets had a worse outcome than patients who achieved targets. This confirms that elevated blood pressure is bad in this population, regardless of how it is measured, and questions the relationship between clinical and ABPM targets, rather than proving the superiority of the latter measurement. Furthermore, although ABPM may be more strongly associated with LVH and with CV outcomes in patients with CKD, this is limited when proteinuria and LVH are included in the model [6] , suggesting that ABPM may have limited added value.
This brings us to the point of this debate: the use of ABPM in patients with ESKD treated by haemodialysis. This patient group has a pattern of CVD that is very different from the general population or patients with EH. The overall CV mortality is an order of magnitude, or more, greater than the general population [7] [8] [9] [10] , and the pattern of CV disease is unique. CHD is a relatively minor component of the overall CV burden, whilst heart failure and sudden ( presumed arrhythmic) death are the predominant events. The pathogenesis, risk factors and risk management also differ from the general population. In a post hoc analysis of the AURORA study, which failed to show a benefit of Rosuvastatin therapy in 2800 haemodialysis patients [10] , we examined risk factors for CVD. Blood pressure parameters were not significantly associated with CV events; although there was a positive relationship with SBP and a negative relationship with DBP, and CV events, reflecting the importance of vascular stiffness and calcification-the derivative pulse pressure being most strongly associated with outcomes. The strongest, potentially remediable risk factors were markers of inflammation (CRP, albumen) and phosphate levels; trailing behind the irremediable-diabetes and age. The pathophysiological link to sudden death and heart failure is uraemic cardiomyopathy-specifically extreme LVH (with fibrosis)-providing the substrate for conduction abnormalities and systolic and diastolic dysfunction [10, 11] . Studies that have examined the determinants (and potential therapeutic targets) for LVH have shown that blood pressure is an important determinant, regardless of the measurement involved [1] [2] [3] . However, vascular stiffness, and markers of vascular calcification-such as calcium, phosphate, pulse pressure and pulse-wave velocity, volume overload and duration of dialysis [1] -are more important determinants, and in this population blood pressure (regardless of how it is measured) is likely to follow changes in intravascular volume rather than being the primary pathophysiological mechanism [3] .
Is there evidence that ABPM provides a better marker than clinic BP, for CV outcomes in patients with ESKD treated by haemodialysis? Registry analyses of the impact of BP on outcomes in HD patients have typically shown the 'U' or 'J' shaped relationship-patients with low BP doing as badly as the severely hypertensive [12] making it difficult to establish conventional targets. However, any additional evidence for ABPM is scant, at best. Three studies are often cited [13] [14] [15] [16] [17] to support the relationship, and added value, between ABPM and CV outcomes in ESKD. Liu and colleagues [15] compared 24 'dippers' versus 56 'nondippers', showing much better survival in the 'dippers'. However, this study is small and failed to show significant relationships between any of the established risk factors and survival (age, gender, smoking, diabetes or cardiac abnormalities) suggesting that this is a highly atypical HD population, from which one could not reliably draw generalizable conclusions. Amar [16] reported worse outcomes in 57 non-dippers followed for around 3 years, but did not perform a multivariate analysis including conventional risk factors or both clinic measurements and ABPM. Finally, Tripepi and colleagues [17] studied 168 non-diabetic HD recipients with follow-up during which time 48 patients died. The day-night BP ratio was associated with adverse outcome, but lost significance when included in a model with LVH suggesting, as the authors state, that the altered day-night 'BP and LVH are part of the same causal pathway leading to death and CV sequelae'. Of most practical use a study by Peter Conlon [18] showed a very close relationship between pre-dialysis BP readings averaged over 12 visits and ABPM, suggesting that similar information may be obtained by standard clinical assessment of BP.
What about the relationships with important surrogatesspecifically LVH and ABPM? Zoccali and colleagues [19] examined the relationship between BP and various components of uraemic cardiomyopathy in 64 patients on HD. Forced inclusion of ABPM readings into a multivariate model, added nothing to the determination of LVMI or other more robust and volumeindependent echocardiographic markers of LV mass-septal thickness and posterior wall thickness. The strongest determinants were pre-dialysis systolic and pulse pressure. In our own studies, although ambulatory systolic BP was associated with LVMI in a population of 300 patients across the range of CKD (including dialysis; 2) in preference to clinical BP, in a study of 246 HD patients assessed by cardiac MRI, pre-dialysis systolic BP was the BP parameter significantly associated with LVMI in a multivariate model, albeit as the least significant parameter together with end diastolic volume and CaxPO 4 product (markers of volume expansion and vascular calcification and dysfunction respectively; 1). From these studies it appears that one can use ambulatory or pre-dialysis SBP readings interchangeably, but without an obvious advantage.
So what is the place of ABPM, and what is the added value? In EH, blood pressure is the problem, it is associated with adverse CV outcomes and direct treatment of BP with antihypertensive agents lowers the risk [4, 5] . ABPM gives more reliable information that allows one to tailor therapy. In ESKD, in patients treated by HD, the situation is different. Blood pressure is not linearly related to CV outcomes [12] and antihypertensive therapy is unproven [20] . BP is dependent on cardiac output [3] and its determinants-anaemia, fluid overload, systolic function, dialysis 'dose'; factors which are independently associated with CV outcomes in this population. Moreover, correction of volume overload, or anaemia, or increasing the dose of dialysis has been associated with correction of blood pressure. These parameters have much better surrogate measures than BP or ABPM, including 'lung comets', echocardiographic parameters and circulating neurohormones [21] [22] [23] [24] . Perhaps the most compelling reason against the routine use of ABPM is that we do not have evidence-based targets for ABPM in ESKD; not least because we do not have evidence-based targets for any BP measurement in ESKD [20] . Given that BP and LVH (which is a much stronger and more established marker of CV outcome in HD patients) are dependent on volume status, CaxPO 4 product, dialysis dose and other factors that have established impact on adverse outcome-I would prefer to target therapy based on markers of volume status and overload (e.g. BNP, lung ultrasound, bioimpedence or structural cardiac assessment; [21] [22] [23] [24] ). Moreover, strategies to address these targets such as daily dialysis or bioimpedence targeted dialysis are associated with improved BP and LVMI. There is no evidence that treatment based on ABPM has benefit. Finally, the main reason I have not routinely used ABPM in ESKD is that patients do not like it. Whilst ABPM may be relatively straightforward in EH, it may be painful (especially in patients with high pressures) and not tolerated. Patients treated by haemodialysis are at particular risk, as higher cuff inflation pressures and unsuccessful measurements are more common where pressures are high and difficult to measure. Patients with ESKD are at increased risk of bleeding and bruising, especially if anticoagulated. Moreover, the upper limb vasculature is often abnormal-a consequence of current, prior or failed vascular access procedures; or the reason that vascular access procedures are impossible. In my limited experience of ABPM, it is less well tolerated in ESKD.
Although I do not argue that ABPM has no role in the investigation of the large majority of patients with hypertension, including those with early CKD, in ESKD I can live without it. BP is dependent on volume overload, and cardiac function, for which there are much better surrogates, with established adverse impact, on which to target therapy. Blood pressure has a complex relationship with outcomes in this population. There are no evidence-based studies to support existing targets in ESKD-either clinical measurements or ABPM-or indeed therapeutic strategies or agents. Overall, I would have to agree with Dr Agarwal's published view on ambulatory monitoring: 'ABPM remains a research tool in haemodialysis patients' and that to establish its role, if any, a large scale trial is required [13] .
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